Seventy-three N, N-disubstituted amides of long-chain, principally C18, fatty acids were screened for antimicrobial activity against bacteria, yeasts, and molds. Amides containing an epoxy group exhibit a broad spectrum of antimicrobial activity which is further enhanced by unsaturation. Mono-unsaturation alone does not contribute a broad level of activity to the N, N-disubstituted amides of the C18 fatty acids.
Many fatty acids and quaternary nitrogen compounds are known to possess antimicrobial activity (1, 2, 4-10, 19-24; R. R. Mod Pat. 3, 285, 812, 1966) . Recently Novak et al. (16, 17) have screened a number of compounds prepared by the Southern Regional Research Laboratory and found that the morpholino derivative of certain fatty acids and many N,Ndisubstituted decanamides (18) also exhibit a broad spectrum of activity against bacteria, yeasts, and molds. This paper reports on the screening of 73 other N,N-disubstituted amides of primarily the C18 fatty acids and reveals that antimicrobial activity is not restricted to amides of the C8 to C14 fatty acids.
MATERIALS AND METHODS
The majority of the N,N-disubstituted fatty amides tested, particularly the oleic acid derivative, were not pure materials since they were prepared from a commercial oleic acid, (Emery Industries, Inc., Cincinnati, Ohio; Elaine LL233). On the basis of gas-liquid chromatography analyses of the fatty acids employed and elemental analyses of the amides, the amides were from 84 to 95+%0 pure.
The amides were prepared by acylation of amine by fatty acid chloride or by condensation of free fatty acid and amine. The details have been reported elsewhere (12) (13) (14) (15) . The epithio, dihalo, and amine oxide derivatives were obtained by further respective modification of the parent amide by interaction of (i) thiourea with the epoxyamide to produce the epithio derivative (3), (ii) the appropriate amide with a dichloromethane solution of the halogen at -20 C (25) to produce the dihalo derivative, and (iii) the tertiary amino amide with m-chloroperbenzoic acid to produce the amine oxide derivative by the procedure described below.
N-(9,10-dibromostearoyl)-N'-methylpiperazine oxide. m-Chloroperbenzoic acid (5.5 S) in benzene was added dropwise with stirring to a solution of 14.4 g of N-(9,10-dibromostearoyl)-N'-methylpiperazine in 100 ml of benzene. Stirring was continued for 1 hr beyond the addition of the m-chloroperbenzoic acid. The reaction mixture which at this point gave a negative test with starch-KI paper was washed with a 10% solution of NaHCO3 and then water, dried, passed through an activated alumina column, and then stripped to recover the product.
The microorganisms used were stock cultures from the Medical Mycology Section, Charity Hospital, New Orleans, La. Working cultures were prepared by inoculating agar slants with the stock cultures. Nutrient Agar (pH 6.8), Yeast Morphological Agar (Difco; pH 4.5), and Mycological Agar (pH 7.0) were used for the preparation of the agar slants and also to test the inhibition of the bacteria, yeast, and mold cultures, respectively. Seeded agar plates were used to measure the antimicrobial activity against the test microorganisms. After incubating the working cultures for 48 hr at room temperature, suspensions of the test microorganisms were prepared. One loop of spores in the case of sporeformers was removed from the working cultures and placed into sterile saline. In the case of nonsporeformers, one loop of vegetative cells was suspended in sterile saline. The suspension then served as the inoculum for the activity estimation against microbial growth.
Agar plates were inoculated by placing three drops of the suspension onto the agar. The microorganisms were spread over the surface of the plates with sterile glass rods. Paper discs (6.5 mm in diameter) made from Whatman no. 1 filter paper were used to evaluate the liquid compounds, and stainless steel cylinders (5 mm inner diameter) were used for the solid compounds (samples 1, 3, 7, and 23 of Table 1 incubation. The zones of inhibition were compared to those for the solvent-free sorbic, n-nonanoic, and 1 1-undecenoic acid and amine controls.
RESULTS AND DISCUSSION
The compounds which showed antimicrobial activity at 100% concentration against several species of bacteria, yeasts, and molds, under optimal growth conditions of the respective organism for 120 hr are reported in Table 1 . No studies were undertaken to establish the minimal inhibiting concentration. The following additional compounds, omitted from Table 1, did In view of a previous observation that antimicrobial activity of a specific compound is related to its surface activity in a particular solvent system (18), the above compounds might have exhibited some antimicrobical action in a nonaqueous solvent system or with different test organisms.
Highest overall antimicrobial activity is exhibited by the substituted amides of the C5 to C12 straight-chain fatty acids. The low activity observed for N,N-dibutylneodecanamide compared to the generally high activity of the n-decanamides (18) 
